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1.0  Introduction 

Under  this  SBIR  Phase  I  contract,  Nomadics  documented  the  penetration  and 
backscatter  of  an  underwater  X-ray  system.  The  system  consists  of  an  X-ray  source, 
water  tank,  and  a  gamma  ray  detector  capable  of  sensing  the  high-energy  scattered  X- 
rays.  Using  the  results  of  these  tests  the  model  of  X-ray  penetration  and  backscatter 
can  be  verified  and  used  to  extrapolate  expected  performance  of  the  final  system. 

2.0  Work  Completed 

Over  the  course  of  the  contract,  Nomadics  completed  the  test  apparatus,  configured  the 
system  for  multiple  tests,  and  documented  the  results  of  those  tests.  Figure  1  shows  a 
typical  arrangement  with  an  x-ray  source  on  one  side  of  the  tank  (right  side)  and  a 
radiation  detector  on  the  left  side  of  the  tank.  A  lead  shield  to  prevent  any  direct 
crosstalk  between  the  two  devices  separates  the  source  and  detector.  Therefore,  the  x- 
ray  source  will  emit  radiation  that  penetrates  into  the  water  for  a  short  distance  and  the 
detector  on  the  opposite  side  of  the  plate  will  detect  the  scatter  from  that  emission. 


Figure  1  -  X-Ray  source  and  detector  as  placed  underwater. 
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This  first  test  was  set  up  to  determine  the  natural  scatter  from  an  x-ray  source  in  a  free- 
body  of  water.  No  target  was  placed  in  front  of  the  x-ray  beam.  The  source  and 
detector  were  placed  initially  12  inches  away  from  a  common  point  in  open  space.  They 
were  placed  parallel  to  each  other  on  opposite  sides  of  the  lead  shield.  Therefore,  the 
total  traversal  distance  is  approximately  24  inches  (12  inches  out  and  12  inches  back). 
Figure  2  shows  the  response  from  the  radiation  detector  as  displayed  on  a  Tektronix 
oscilloscope.  The  voltage  spike,  which  should  be  the  summation  of  all  individually 
received  photons  is  roughly  2  volts.  This  experiment  was  repeated  at  two  other 
distances  to  generate  a  distance  versus  received  signal. 
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Figure  2  -  Oscilloscope  image  of  an  x-ray  pulse. 
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Distance 

(Inches) 

Actual 

(Volts) 

Measured 

(#  of  photons) 

24 

1.500 

4.4E+08 

36 

0.085 

2.1E+06 

48 

0.050 

1.1E+04 

Table  1  -  Actual  response  and  measured  response. 

Graphing  data  from  Table  1  in  Figure  3  shows  a  good  correlation  between  expected 
photon  counts  and  measured  output  at  short  ranges,  but  quickly  diverges  at  larger 
distances. 

This  error  could  be  caused  by  a  number  of  factors,  possibly  non-linearity  in  the  PMT 
response  to  x-ray  photons.  It  is  possible  that  the  PMT  is  operating  in  a  non-linear 
region.  Another  possibility  is  scatter  occurring  outside  of  the  water  media.  The  water 
depths  used  in  these  tests  were  fairly  shallow,  so  it  may  be  possible  for  scatter  outside 
the  tank  to  act  as  a  “DC  Offset”  to  the  in-water  scatter. 
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Figure  3  -  Measured  and  calculated  energy. 
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The  next  test  was  to  determine  the  amount  of  backscatter  variation  caused  by  the 
addition  of  a  target.  Various  targets  should  have  different  absorption  characteristics, 
which  should  cause  different  backscatter  amounts.  By  monitoring  the  change  in 
backscatter  with  different  materials,  the  ability  to  discern  materials  should  be  possible 
and  in  future  equipment,  images  should  be  possible. 

Unfortunately,  through  the  series  of  tests  performed,  no  variation  in  backscatter  energy 
could  be  detected.  It  seems  that  the  amount  of  backscatter  never  changed  with  the 
different  materials.  It  is  our  conjecture  that  the  amount  of  scatter  in  the  first  few  inches 
outside  of  the  x-ray  machine  is  sufficient  to  completely  obscure  any  scatter  at  target 
ranges.  Because  the  system  must  be  utilized  with  some  minimal  standoff,  the  ability  to 
place  the  x-ray  source  directly  on  the  target  is  limited.  Also,  sediment  covering  any 
targets  of  interest  would  act  as  semi-transparent  material  allowing  the  sever  scatter  to 
obscure  any  later  scattering  events. 

Looking  at  the  radiation  level  as  a  function  of  distance  (Figure  4)  from  the  source,  the 
build-up  affect  of  scattered  energy  in  the  water  causes  a  sharp  rise  in  the  amount  of 
radiation  (number  of  photons,  not  total  energy)  exiting  the  source  followed  by  a 
reduction  as  the  radiation  is  absorbed.  Because  of  this,  the  scattered  energy  in  the  first 
three  to  four  inches  is  significantly  greater  than  all  the  energy  sent  further  into  the  target 
to  be  probed. 

It  appears  that  this  would  limit  the  range  of  the  system  to  less  then  a  few  inches,  not 
because  of  the  systems  ability  to  detect  radiation  at  greater  distances,  but  because  the 
system  is  unable  to  distinguish  between  a  distant  target  and  the  energy  scatter  near  the 
exit  of  the  source. 


Radiation  Le\«l 


Figure  4  -  Radiation  ievei  vs.  distance  from  the  source. 
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3.  Conclusions  and  Recommendations 

The  intense  photon  scatter  from  the  first  few  inches  of  the  x-ray  beam  is  significantly 
greater  than  available  down-range  radiation.  For  this  reason,  the  distance  between  the 
x-ray  aperture  and  the  target  is  severely  limited.  It  may  be  possible  to  shield  the  x-ray 
emission  or  build  an  evacuated  tube  that  allows  the  beam  to  progress  to  the  target 
without  scattering,  but  the  terminus  of  that  chamber  would  need  to  be  in  close  proximity 
to  the  imaged  target.  The  system  could  be  used  for  very  lightly  covered  targets  with 
less  then  a  few  inches  of  sediment  cover,  but  at  any  substantially  greater  distance  the 
signal  will  be  overcome  by  the  amount  of  scatter  generated  during  beam  transit  to  the 
target.  The  scattering  from  sediment  and  other  materials  is  expected  to  be  similar  to 
water,  so  there  is  little  advantage  to  building  a  system  that  lies  on  the  bottom  and 
attempts  to  project  energy  solely  through  the  sediment.  Since  it  appears  that  the 
system  would  be  restricted  to  seeing  only  a  few  inches  into  the  sediment  layer,  the  utility 
of  the  system  is  questionable. 
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